The prevalence of byssinosis and chronic respiratory symptoms was studied in 117 workers in four Swedish cotton mills. Changes of forced expiratory volume in 0-75 sec. (F.E.V.0.75) during a Monday and a Wednesday were assessed in 64 male workers in four cardrooms in these mills. Dust sampling was performed with weighed millipore filters.
60% were non-smokers, 70% had chronic cough, and 27% had chronic dyspnoea. The F.E.V.0.75 decreased on Monday in workers who gave a history of Monday dyspnoea, and to a lesser degree, but still significantly, in those who did not. In spite of marked differences in fine dust (i.e., dust smaller than 2 mm. diameter) concentrations in the four cardrooms, no significant relations between dust content, byssinosis prevalence, and F.E.V.0.75 changes on Monday could be demonstrated.
The prevention and treatment of byssinosis is discussed. Workers at risk should receive a periodical medical examination including at least a spirographical pulmonary function test at intervals of one year or less.
Individual cases of byssinosis have been diagnosed in Swedish cotton workers since 1960 (Arnoldsson, Bouhuys, and Lindell, 1963) . Visits to a number of cotton mills in the Gothenburg area, and discussions with their managers, led to the impression that the prevalence of byssinosis was high enough to constitute a problem and a matter of concern to mill management. Some managers expressed the opinion that the prevalence of byssinosis had been increasing in recent years. The widespread use of mechanical cotton pickers, in particular in the United States, has led to increasing amounts of impurities in cotton received from overseas, in spite of attempts to clean cotton at the gins; and managers blamed these impurities for the increasing problem of byssinosis. However, an increase in byssinosis symptoms among workers may also result if the mill's production rate increases without a concomitant increase in the capacity of the available dust removal equipment (Bouhuys, 1963b) .
To obtain information on the prevalence of byssinosis in Swedish cotton mills it was decided to conduct a field survey among cardroom workers in four different mills in the Gothenburg area. This study was performed in October 1962.
Methods
The study was performed in four different cotton mills (A, B, C, and D), all located near Gothenburg. A standard questionnaire was used to interview workers in all four mills; this included questions on present and past health, previous hospitalization and medical care, Of the four mills studied, mill D was exceptional in that only high grade cotton yarns were produced, mainly from hand-picked first-grade Egyptian cotton. On some cards, rayon was being processed at the same time. The dust in this mill is therefore probably a mixture of cotton and rayon dust, although mainly the former. The other three mills produced mostly standard quality cotton yarns, but different qualities of cotton were in fact being processed at the time of this study.
To substantiate the data from the histories, lung function tests were performed in all available cardroom workers in four different cardrooms (No. van Lennep, 1961; Bouhuys, 1963a Bouhuys, , 1963b prevalence, as judged from the histories, are similar in mills A, B, and C, but in mill D the fine dust concentrations are lower and fewer workers complain of Monday dyspnoea.
Further data for the men in mills A and B (cardrooms 1, 2, 3, and 4) are given in Tables 2 to 7 . The average age and the duration of employment differed only slightly between the groups in these four different cardrooms (Table 2 ). The percentage of workers with a history of dyspnoea on Monday varied from 50% to 100% in the four rooms, and this percentage has no obvious relation to the dustiness of the room. A large proportion of the workers were non-smokers and had never smoked; none smoked more than 20 cigarettes per day. Average cigarette consumption was low among all four groups. Among the carders, 55% were nonsmokers and among the others 56 % (Table 3) . It is the more striking that about 70 % of all workers have a chronic cough, and 27 % mention that they are regularly short of breath on exertion (Table 2) .
A history of Monday dyspnoea is somewhat less common among those who do not work at the cards (Table 3) . It is equally common among cigarette (Table 3) . Chronic cough is slightly more common among cigarette smokers than among non-smokers, and also more common among carders than among others (Table 3) . However, the number of workers in each group is small and the difference between smokers and non-smokers, and that between carders and others is not significant (chi-square test). The increase in the incidence of chronic cough with age (Table 4) 'Fine dust' is defined as dust with a particle diameter of less than 2 mm.; 'coarse dust' is dust with a particle diameter of 2 mm. or more (see Methods). Table 6 relates these changes of F.E.V.0.75 to work location and to the prevalence of byssinosis in four cardrooms. The difference between the F.E.V.0.75 changes in different cardrooms is not significant by Fisher's 't' test for unpaired variates. Also the difference between the F.E.V.0.75 decrease on Monday in workers in the two older cardrooms (1 and 2) and in those in the two newer cardrooms (3 and 4) is not statistically significant. The average decrease of F.E.V.0.75 was greater among the carders (-0-3101. in 20 carders) than in workers performing other jobs in the cardrooms, but these differences again were not significant. Because byssinosis is characterized by dyspnoea primarily on the first working day of the week and less on other weekdays, the significance of the differences between the ventilation changes on Monday and Wednesday was also investigated. The decrease of F.E.V.0.75 on Monday was significantly larger, at the 1 % level, than that occurring on Wednesday in the group with a history of Monday dyspnoea but not in those who denied having dyspnoea on Mondays.
The differences between carders and others who work in the cardroom (Tables 1, 3 , and 4) cannot be explained by differences in the duration of employment among these two groups. On average, the carders had been employed 15-3 years (S.D. 12-3 years) and the others 19'9 years (S.D. 14 2). This difference is not significant (Fisher's 't' test for unpaired variates).
The prevalence of byssinosis may be judged either from the worker's history or from changes in lung function tests, such as the F.E.V.0.75 or from both. Table 6 shows that the prevalence of byssinosis in all four cardrooms is high, and not obviously related to dust levels as measured in this study, whichever criterion is used. Criterion (1) (1) and (2), respectively.
From the results of the dust measurements and the study of individual jobs, 38 workers were assigned arbitrary numbers from 0 to 5 to grade their relative exposure to dust. This was done by someone (Ing. I. Skare) who was not acquainted with the workers' histories or the results of the F.E.V. tests. Although the decrease of F.E.V.0.75 on Monday appears to be larger in workers considered to be exposed to larger amounts of dust than in others, the positive correlation between these data (i.e., between the decrease of F.E.V.0.75 on Monday and the figure for dust exposure) is not significant (r = -I0-269; t = 1-676; Table 7 ). The long-term effect of exposure to cardroom dust was investigated by comparing the F.E.V.0.75/body height ratios in 15 byssinotic cardroom workers aged 55 to 67 years, who had been exposed to cotton dust for over 10 years, with similar data obtained from group.bmj.com on June 20, 2017 -Published by http://oem.bmj.com/ Downloaded from 13 non dust exposed control subjects (prisoners and prison personnel) aged 55 to 65 years. The control data were taken from a previous study in which the same methods were used (Bouhuys, 1963a) . Although the byssinotic subjects smoked considerably less than the control subjects, their F.E.V.0.75/body height ratio was 13-93 ml. B.T.P.S./cm. as compared with 17-18 ml./cm. in the control subjects. This difference was significant at the 5 % level (t = 2 13 1).
Five of these 15 workers had an F.E.V.0.75 of less than 2 litres (6-0-10-3 ml./cm.) and were judged to have severe and partly irreversible ventilatory insufficiency. The F.E.V.0.75 values of the cardroom workers used in this comparison were the highest observed in each individual. Usually these were the values obtained on Monday before the start of work, but values obtained after the inhalation of isoproterenol were used whenever these were the highest.
It is often believed that byssinosis develops only after several years of exposure to dust in cardrooms. In this connexion it is of interest that the group of workers in this study included six individuals who had been exposed to dust in a cardroom for only one year or less. Only one of them had a history of Monday dyspnoea, but all five others had an F.E.V.0.75 decrease on Monday of 0-2 litre or more. In three of these, who were foreign workers recently migrated to Sweden, lack of communication due to their incomplete understanding of the Swedish language may have been responsible for the negative history.
In many workers, the decrease of F.E.V.0.75 in the course of the working day on Monday was partially or completely reversed by isoproterenol inhalation, as in previous studies (Bouhuys et al., 1961; Bouhuys, 1963b) . This was also true in older workers. In 28 workers 50 years or older, the F.E.V.0.75 was on average 2-7 litres on Monday morning, 2-36 litres at the end of Monday, and 2-58 litres after isoproterenol inhalation at the end of Monday. The latter value is significantly higher than the lowest value on Monday, but is still significantly lower than the starting value on Monday.
Discussion
The findings in the present investigation indicate that byssinosis occurs in these Swedish cotton mills in about the same percentage of cardroom workers as was found previously in similar workers in other countries (Schilling, 1956 Table 3 ). The total dust concentrations in the English and Dutch mills (2-9 and 19 mg./m.3, respectively) were lower than those in our cardrooms 1 and 2 but similar to those in cardrooms 3 and 4 (compare Table 2 ). In our study, however, the prevalence of byssinosis and of chronic respiratory symptoms in these four cardrooms did not differ significantly. Lammers et al. diagnosed byssinosis on its history only, which may explain part of the difference (compare Table 6 ), but this is very probably not the whole explanation. The prevalence of chronic respiratory symptoms in our subjects was also considerably higher than in those of Lammers et al., although the latter group included a higher percentage of cigarette smokers. The studies may not be comparable for other, not immediately obvious reasons, but it seems likely that technical differences between the mills studied, such as the quality of cotton processed, may be involved.
The decrease of F.E.V.0.75 during the first working day after the weekend break is similar to the decrease found by *Batawi, Schilling, Valid, and Walford (1964) . As Bates and Christie (1964) have recently discussed, it is of considerable interest that definite sensations of dyspnoea are associated with F.E.V. decreases in the order of only about 10 %.
The present data support the conclusion from other studies (Bouhuys, 1963a) , i.e., that long-term exposure to cotton dust in byssinotic workers promotes the development of irreversible ventilatory insufficiency. The histories of the workers suggest a high prevalence of chronic respiratory complaints, apart from the typical syndrome of Monday dyspnoea in these workers. The moderate smoking habits in the group, and the large percentage of nonsmokers, indicate that smoking cannot be considered a major factor causing these complaints. Ferris, Anderson, and Burgess (1962) have stressed that studies of the effects of industrial air pollution should be performed as much as possible in groups of non-smoking subjects. The present study partly fulfils this requirement, to the extent that more than half of the subjects were non-smokers. Byssinotic workers usually state that smoking a cigarette on Monday will aggravate their Monday dyspnoea considerably. This is possibly the result of superimposition of the effect of one known bronchoconstrictor agent (i.e., tobacco smoke; Nadel and Comroe, 1961) on the effect of another such agent, i.e., cotton dust. This phenomenon may discourage the workers from smoking at all, but only two workers gave this as a reason for giving up smoking cigarettes.
The data in Table 3 suggest that the prevalence of Monday dyspnoea is independent of smoking habits. Within the two groups (carders and others) a history of byssinosis was equally common among smokers and non-smokers. On the other hand, in each of these groups chronic cough occurred more often in smokers than in the non-smokers. However, the prevalence of chronic cough was high in all groups, and the differences were statistically not significant.
Although general hygienic and dust control measures in cardrooms 3 and 4 were better than those in cardrooms 1 and 2, an impression which was confirmed by dust concentration measurements ( Another approach to the prevention of byssinosis might be to remove the noxious agent from the dust. It seems probable that the causative agent in the dust resides in impurities and not in the cellulose fibres of cotton themselves. Measures to remove these impurities from the cotton might be easier and less costly than the installation of the certainly very expensive equipment for electrostatic precipitation of dust. If successful it would not only protect cardroom workers but also workers exposed to the risk of byssinosis during subsequent operations such as weaving of unsized yarns (Bouhuys, 1963b) . Apart from the medical advantages, the removal of impurities from cotton would probably be of importance from a technical and economical point of view as well.
The inhalation of isoproterenol relieves Monday dyspnoea in many byssinotic workers; it can be prescribed by a physician in the form of convenient pocket inhalers. The workers should be properly instructed in the use of these instruments, and to avoid abuse refills should also be prescribed by a physician. Although an antihistamine drug (methydilazine hydrochloride; 'Tacaryl') has been shown to prevent ventilation changes on Monday in byssinotic workers when given before the start of work (Bouhuys, 1963c) 
